Bacteriological Agar, code L1 1, Oxoid Ltd), with 5 ml of 20% (w/v) Seitz-filtered Peptone (Evans Medical Ltd, Speke, Liverpool) added per 100 ml of agar. All media contained 0.01% (w/v) triphenyl tetrazolium chloride (Hopkin and Williams, PO Box 1, Romford, Essex).
Agar plates were inoculated by spreading, with a wire loop, a lawn of inoculwn from two large loopfuls of an overnight broth culture of the organism. The lipids were placed on 9-cm diameter sterile filter paper disks (Whatman Qualitative I); drops (10-15 mg) of each lipid under test, undiluted or diluted in light liquid paraffin (Hopkin and Williams), were placed around the periphery of the filter paper disk. As a control, liquid paraffin alone was used. The filter paper was then placed on the inoculated plate, care being taken to avoid trapping air bubbles. Plates were incubated overnight at 37°C in duplicate under aerobic and anaerobic conditions. A Gaspak (Baltimore Biological Laboratories, York House, Empire Way, Wembley, Middlesex) was used to produce the anaerobic conditions in an anaerobic jar.
The degree of bacterial growth under the lipid droplets was judged as complete inhibition (no red formazan produced), gross inhibition, slight inhibition, growth as control area of the plate with liquid paraffin alone, and enhanced growth; these judgements were based on the degree of coloration caused by the production of formazan. Oleic acid (92%) was obtained from B.D.H. Chemicals Ltd, Fourways, Atherstone, Warwickshire, and cis-linoleic acid (90-95%, Grade 11) from Sigma Chemical Co. Ltd, Fancy Road, Poole, Dorset.
Quantitative tests of lipid activity. The streptococci were grown on layered blood-agar plates containing 5-7% defibrinated horse-blood (Department of Clinical Veterinary Medicine, University of Cambridge). All other strains were grown on nutrient-agar plates.
Pieces of sterile filter paper (Whatman Qualitative 1) 2 cm square were saturated with 40 pl of lipid diluted in ethanol. The paper squares were dried by circulating air in an oven at 40°C for 30 min. to evaporate the ethanol. Agar plates were seeded by flooding with an overnight digestbroth culture of the test organism; after removal of excess broth with a pasteur pipette, the plates were dried at 37°C for 30 min. with the lids raised; this gave an even lawn of growth on each plate. The papers impregnated with different amounts of fatty acid were arranged on the inoculated plates which were incubated at 37°C. Each plate included a control paper which had had 40 pl of ethanol added to it and had thenbeen dried. Overnight incubation was aerobic or anaerobic (Gaspak, B.B.L.).
After incubation of plates, the papers were removed with forceps; circular plugs of agar, 1 cm in diameter, were cut from the agar under the papers with separate sterile cork borers. The plugs of agar were transferred by a sterile hypodermic needle to "stomacher" bags to which 5 ml of sterile Phosphate Buffered Saline (Oxoid Ltd, code BR 14a) were added. They were then macerated for approximately 20 s in a Colworth 80 stomacher . Viable counts were then performed on the resulting suspensions by the droplette method on 0.8% tryptic soy agar .
RESULTS

Quulitative Studies
The effects of oleic and linoleic acids, diluted in liquid paraffin, on the anaerobic growth of a range of bacteria on the surface of agar media are summarised in the table. Virtually identical results were obtained in parallel aerobic tests with all of these organisms, except C.paruurn which could not be tested aerobically.
Oleic acid inhibited the growth of Staph. aureus and Staph. epidermidis, but only when undiluted, whereas it produced a gradient of inhibition decreasing with dilution in tests with Str. pyogenes type Imp 19. Linoleic acid was a more potent inhibitor of all three test organisms, Str. pyugenes type Imp 19 being most susceptible and Staph. epidermidis least susceptible. Both acids apparently had a stimulatory effect on the growth of C. parvum, although the effect of linoleic acid was slightly less than that of oleic acid.
Quantitative Studies
The inhibitory effects of oleic and linoleic acids on various organisms are shown in the figure. Each graph plots the mean results of two experiments, some of which were repeated after an interval of 12 months without inconsistency.
With each organism-lipid combination the inhibition was more pronounced on the aerobically incubated plates. Linoleic acid was the more potent inhibitor of bacterial growth for all organisms investigated except the gram-negative bacilli (figure, e and f).
Oleic acid was more inhibitory for Str. pyogenes type M12 strain 83470 (figure, a) than for Str. pyogenes type Imp 19 (figure, b) in aerobic and in anaerobic tests. This was true in anaerobic tests with linoleic-acid; but under aerobic conditions, linoleic acid was markedly inhibitory for both of these streptococci.
Oleic acid did not significantly influence the growth of Staph. epidermidis ( figure, c) or Staph. aureus (figure, d), but linoleic acid was markedly inhibitory, with a gradient of inhibition decreasing with dilution. This was most evident under aerobic conditions, when linoleic acid was marginally more potent against Staph. aureus than against Staph. epidermidis; this order was reversed in the anaerobic tests.
Neither fatty acid inhibited the growth of E. coli under aerobic or anaerobic conditions (figure, e) or Ps. aeruginosa (aerobic conditions only; figure, f).
DISCUSSION
We have described qualitative and quantitative methods of investigating the antibacterial activity of lipids on solid media.
The fatty acids on the skin surface are derived from triglycerides secreted in the sebum, which are without antibacterial effect (Davidson, 1965) ; the triglycerides are converted to inhibitory free fatty acids largely by lipases derived from the normal flora of the skin surface. The location of these lipases has been thoroughly investigated. The three main components of the resident flora of the skin, coagulase-negative, non-pigmented gram-positive cocci (staphylococci and micrococci), anaerobic diphtheroids, e.g., C. acnes (now designated Propio. acnes) and the yeast Pityrosporum (Somerville, 1969) , have all been shown to have the potential to hydrolyse 3-2. triglycerides to liberate free fatty acids (Freinkel, 1968; Reisner et al., 1968; Reisner and Puhvel, 1969; Marples et al., 1970; Holt, 1971; Marples, Downing and Kligman, 1972; Butcher et al., 1976) . Work on the optimal pH of bacterial lipases (Freinkel and Shen, 1969) and on the selective inhibition of components of the normal flora by various chemotherapeutic agents (Marples et al., 1970; Marples, Downing and Kligman, 1971; Marples et al., 1972) suggests that C. acnes plays a dominant role in the lipolysis of sebwn. Micrococci are capable of maintaining a high proportion of acids on the surface if the population of C. acnes is suppressed (Marples et al., 1971) .
In some of the earliest in-vitro work on these bacterial lipases, Davidson (1965) worked with micrococci and showed that the lipolytic activity persisted even after death of the microorganisms. The in-vivo studies of Scheimann et al.
( 1 960) with neomycin and other antibiotics on the skin showed that inhibition of the normal flora interfered with free fatty-acid production.
In the present work, the antibacterial action of lipids has been studied by sowing a lawn of the test bacteria on a suitable solid medium and then covering the solid medium with filter paper impregnated with lipid. In this way the organisms were sandwiched between a nutrient aqueous phase in the culture medium and a lipid phase in the filter paper. The amount of lipid applied to the filter paper has been varied either by dilution with an inert lipid, liquid paraffin, or by diluting the lipid in ethanol and evaporating the ethanol before placing the filter paper on the lawn of bacteria. In qualitative studies bacterial growth was made visible by incorporating in the medium triphenyl tetrazoliwn chloride, which is reduced during bacterial growth to the red insoluble pigment triphenyl formazan. Quantitative studies were done by counting the numbers of viable organisms in the suspension resulting from maceration of a plug of agar medium taken from under the filter paper. Cultures were incubated aerobically and anaerobically in parallel.
The results obtained in our studies of skin lipids confirm and extend the observations of others (Burtenshaw, 1945; Dubos, 1947; Ricketts et al., 1951; Puhvel and Reisner, 1970; Aly et al., 1972) . Unsaturated fatty acids, oleic and linoleic acids, inhibit Str. pyogenes markedly, Staph. aureus and Staph. epidermidis to a lesser extent, and have no inhibitory effect on gram-negative bacilli, E. coZi and Ps. aeruginosa, the death of which on the skin is caused by drying (Ricketts et al., 1951; McBride, Duncan and Knox, 1975) . The reason for the greater activity of the fatty acids in aerobic than in anaerobic atmospheres is unclear and the situation is complicated by the carbon dioxide generated by the Gaspaks which were used to produce anaerobic conditions. Kodicek and Worden (1945) suggested that growth inhibition of bacteria by fatty acids may be mediated by adsorption of a layer of lipid at the bacterial surface with interruption or alteration of cell permeability. This might block the adsorption and absorption of essential nutrients, or it might allow outward diffusion of vital cellular components. In general, the inhibitory properties of fatty acids appear more pronounced the longer and more unsaturated is the compound (Nieman, 1954) . Also, the effectiveness is related to the configuration of the molecule around any double bonds (Butcher et al., 1976) . Stereo-isomerism and three-dimensional configuration are likely to be significant factors determining the amount of adsorption of these molecules.
On the basis of this interpretation the observed antagonistic effects of various substances, such as serum albumin (Dubos, 1947) , on the antibacterial activity of lipids can be explained by postulating (1) the formation of complexes with the inhibitory acids, or (2) the competitive adsorption of the antagonist and the fatty acid at the cell wall. The latter explanation presumes that the antagonist is not toxic to the cell. It is possible therefore that the properties of the cell wall of a particular organism determine whether it is susceptible to growth inhibition by free fatty acids and therefore whether it is likely to be a pathogen of the skin.
It seems logical to assume that organisms that are successful in infections of the skin become so partly by virtue of their relative resistance to the fatty acids present there. In our work the inhibitory effect of the fatty acids, especially oleic acid which is the most abundant acid on the skin, was most marked on a strain of Str. pyogenes from a sore throat and less inhibitory on a strain of Str. pyogenes from an outbreak of impetigo. Qualitative results suggested that Staph. epidermidis was more resistant to linoleic acid than Staph. aureus, but this was not confirmed by the quantitative tests. Because Staph. epidermidis is considered to be a commensal organism on the skin and Staph. aureus not, a significant difference in susceptibility to fatty acids might have been expected by both methods. However, Staph. aureus is carried by many people for long periods of time and it may be that there are strain differences as were found with the streptococci. Some of the strains used had been subjected to prolonged subculture and this may have affected their behaviour in these tests. Studies are now required with a range of fresh isolates from normal and infected skin.
The techniques have been applied to the antibacterial activity of skin lipids but they are equally applicable to the investigation of the antibacterial activity of lipids in other fields, such as pharmacology, horticulture and industry.
SUMMARY
New qualitative and quantitative methods are described for the investigation of the antibacterial activity of lipids on solid media by the application of lipid-impregnated filter paper over a lawn of the organisms.
The methods have been used to investigate the antibacterial activity of unsaturated fatty acids that are important in skin defence. Oleic and linoleic acids inhibited Streptococcus pyogenes markedly, Staphylococcus aurew and Staph. epidermidis to a lesser extent and had no effect on Escherichiu coli and Pseudomonus ueruginosa. The inhibition of growth of a strain of Str. pyogenes from a sore throat was greater than that of a strain from an outbreak of impetigo. Linoleic acid was a more potent inhibitor of bacterial growth than oleic acid, and with both acids inhibition was more pronounced under aerobic than under anaerobic conditions of incubation.
The methods described could be applied in other fields such as pharmacology, horticulture and industry.
